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Stereopt icons find service In the advertisings field. The inherent attracting 
power of a continually chanuing display is utilized in this automatic pro- 
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turn for a period of 9 to 1 1 seconds. When the last slide is reached, the 

series is repeated 
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The MAZDA Lamp in Projection Service 

Information Compiled by L. C Porter and (',. F. Prideaux* 

Engineering Department 

Introduction 

Our modern methods of living and the rapidly increasing volume 
of things we have to know necessitate s|>eeding up methods of con- 
veying knowledge and information. Leading educators an* coming 
to realize that the eye is the quickest medium we have to accom- 
plish that end. There is, therefore, a rapidly increasing use of pie- 
lures, both ^ t i 1 1 and in motion, in our modern educational institu- 
tions, as well as in the fields of entertainment and research. 

Wit h t he increased use of light for project ion purposes, t herefore, 
naturally come great improvements in the e(piipnient and methods 
of utilization It is the |)urpose of this bulletin to outline the funda- 
mental principles of opt ical project ion and des< nbe briefh the more 
common classes of projectors, pointing out the things essential for 
obtaining the ImvsI results with such apparatus. 

Perhaps the earliest form of light projection w a - I he reflection 
of a ray of sunlight from a polished Itirfa t III fact, t bew are records 
of a beam of sunlight being reflected into a projector in a darkened 

room to show "magic lantern pictures," a> the\ were then called. 

Signalling by means of reflected sunlight is also very old I n- 
fortunately, the sun does not always shine at convenient times, 
ami artificial light sources must be used. Lacking the enormous 
distance l>etween ourselves and the sun to give parallel rays, we 
must ust» light sources of very small dimensions in order to get the 
light into a concentrated beam no as to project it to a distance. 

The carhon arc lamp, which came into existence about IhOO, 
olFered the first light source suthciently powerful and at the same 
time of high enough com cut rat ion to he practical for projection 
service. Small pieces of lime raised to white heat by o\ v-acetylene 
flames were also used to some extent. With the almost universal 
availability of elect rie current, t he "lime light " has nearly gone out 
of existem-e. 

Arc lamps are, of course, improved ami widel\ used for not only 
picture projection but also searchlight and signal purposes. In 
fact, even today the high intensity arc i^ used exclusively where 
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the extreme limit of range is required of a searchlight, and for a 
very large motion picture, or an exceptionally long throw. 

The introduction of the incandescent lamp in 1879 and its rapid 
development through the important steps of carbon filament, 
squirted tungsten filament, drawn wire tungsten filament, making 
possible high concentration of the light source, then gas-filled lamps 
with their increased efficiency, have made available an ideal source 
for most projection work. 

The Mazda lamp is a clean, powerful, concentrated light source, 
available at the simple turn of a switch. There are no fumes given 
off by it, and its light is steady and of a color value to which the 
eye is most sensitive. Mazda lamps have, therefore, become the 
almost universal light sources for projection work. 

Fundamental Optics 

Perhaps it will be worth while to consider briefly some of the 
fundamental optics involved in projection work. First, of course, 
we must create the light — that is the function of the Mazda lamp. 




Regular Reflection Irregular <*> Diffuse Reflection Semi-Regular Reflection 

fig. 1 fig. 2 fig 3 

Having the light available, we now have to collect as much of it as 
practical and direct it to points where it will be most useful. There 
are two methods of directing light. One is by reflection, and the 
other by refraction. Reflection is of two general types, that is, spec- 
ular and diffuse. When a ray of light strikes a highly polished 
surface, it is reflected as a ray at an angle with a normal to the 
reflecting surface which is equal to the angle between the normal 
and the incident ray. Fig. 1 illustrates this condition. 

The other form of reflection is known as diffuse reflection. This 
occurs when a ray of light strikes an unpolished or rough diffusing 
surface and is broken up into many separate rays, reflected in all 
directions. (Fig. 2.) 

There are, of course, many variations between these two ex- 
tremes. Partially diffuse reflection is used in scientifically prepared 
motion picture screens so as to cause the picture to appear of maxi- 
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mum brilliancy in the directions from which the audience views it. 



Specular reflection is utilized in connection with t he spherical 
mirrors used in back of the lamps of motion picture projectors and 
stereopt icons. 

The most common form of mirror is the ordinary Hat mirror or 
"looking glass." Such a mirror is of little or no value in projection 
work. If, however, the mirror is made as a section of a sphere it 
may he of great value. This is because incandescent lamps give off 
their light practically equally in all directions. The condenser of a 
projector will pick up the light emanating toward it, but by itself 
will not utilize the light emitted to the rear. If a spherical mirror 
is placed behind the source it will intercept this backward light and 



Fig 4. By means of the spherical mirror, the image of the filament is 
reflected between the coils of the actual filament, giving the effect of a 
nearly solid light source. This is shown at b at the left, and at the right 
is an enlarged view of this effect, F being the filament and / the inverted 
image. 

reflect it back into the source itself, filling up the spaces between 
different filament coils and the turns of individual coils, thus creating 
in effect a solid light source. (Fig. 4.) 



When adjusted correctly, 
spherical mirrors increase the 
screen illumination of stere- 
opt icon and motion picture 
projectors as much as 40%. 

The most common form 
of the parabolic mirror is the 




highly polished metal reflector mangin m.«r>or 

of the common automobile FrG - 5 

headlight. Other forms are the big glass mirrors that are ground 
and polished to very great accuracy for use in high-power search- 
lights. These mirrors deviate somewhat from the true parabola so 
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as to compensate for the refraction of the light as it passes twice 
through the glass, and are called Mangin mirrors. (Fig. .5.) 



Fig. 6. By refraction is meant the 
change of direction of a light 
ray in passing from one trans- 
parent medium to another of 
different density. With the 
kind of glass shown, a ray 
entering at an angle of 45 deg. 
to the normal is bent down- 
ward to an angle of 28 deg. 
with the normal. 

i 

"Refraction 

The control of light by means of refraction is accomplished by 
passing the light from a medium of one density through a medium 
of different density (Fig. 6). This method of control is used with the 
condenser and objective lenses used in motion picture projectors 

and stereopticons. 

With the means of securing a concentrated beam of light out- 
lined, let us touch on some of the most common uses for such beams 
and then study in more detail the particular apparatus involved. 

Uses of Concentrated Light 

Light concentrated into a beam is commonly used for such pur- 
poses as headlights on automobiles, locomotives, trolleys, etc. 
The more powerful sources are used for searchlight purposes in 
military and in marine work. Searchlight beams are also used to 
some extent to light billboards, signs, buildings, statues, etc., for 
advertising purposes. 

For the latter class of work, however, the beams are generally 
spread considerably so as to cover a fairly large area and are then 
commonly known as floodlights. 

An increasing use for the powerful, highly concentrated search- 
light beam is for beacon purposes, to guide aviators to their land- 
ing fields. The U. S. Air Mail Service, for example, has a 2,000,000 
cp. beacon every 2.5 miles along the course across the continent. 
Small searchlights are also used to some extent for signalling pur- 
poses. 
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Another common use for highly concentrated beams is for spot- 
light work. Present theatre lighting practice involves the use of 
large numbers of spotlights. Due to the necessity of quickly and 
easily changing the beam from a small concentrated head spot to 
a wide spread floodlight, most theatre spotlights use piano con- 
densers, and a light source that may be moved to various distances 
from the rear lens. 

Another class of concentrated beam apparatus is that for pro- 
jecting pictures — both still and moving. 

Stereopt icons 

The general principles of what is today known as visual instruc- 
tion were laid down by Come ni us more than 300 years ago in his 
"Orbis PictUS." A century later Pestalozzi advanced beyond the 
picture stage by insisting that teachers must either tiring reality 
into school for studv or take the children out to see reality. 

In many Latin writings, bet ween the years 1500 and 1700, we 
find the projection lantern described as "camera obscura" or 




"lanterna magiea." Who t he inventor was seems to be unknown. 
Various forms of magic lanterns are shown in Zahn's Latin book, 
"Artificialis Teledioptricus," published in the year KiS.5. These 
crude little devices were forerunners of the modern projection 
instruments. The principal difficulty in developingsuitable projection 
apparatus at that time was the utter lack of efficient illuminants. 
Sunlight was about the only form that was sufficiently bright, and 
that was impractical. The above sketches from Zahn's book sug- 
gest that oil lamps were used, and at the right is shown how the 
"machines" were constructed to carry a series of slides. 

!) 



THE MAZDA LAMP IN PROJECTION SERVICE 




in 



THE MAZDA LAMP IN PROJECTION SERVICE 



It was inevitable that when our modern scientific educators 
began the study of the most absorbing forms of the laws of the 
human mind, their attention should be directed to the fact that the 
greater part of our information depends upon sight. Nor was it 
surprising that the new departments of visual instruction should 




Fig. 8. Attachments permitting the use of film slides in stereopticons 
originally designed for glass slides find wide use on account of the 
greater convenience of the film. At the upper left is one form of the 
familiar glass slide stereopticon, while the bottom illustration shows this 
adapted to film slides. At the upper right is a film slide attachment 
developed by another manufacturer. 

spring up in every state and large city in the country in order to 
develop and systematize this growing force in present-day education. 

The most common forms of stereopticons use glass slides. 
These, however, are heavy and cumbersome. (Fig. 7.) There is a 
rapidly growing trend towards the use of slides made on motion 
picture film. The 35 mm. width is generally used. There are avail- 
able attachments for the older slide lanterns (Fig. 8), which make 
possible the use of film slides in these lanterns. 
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Much smaller and lighter projectors, built specially for film 
slides, are finding wide application for use by salesmen and lecturers 
in the home, office, and class room. (Fig. 9.) Such film slide pro- 
jectors can be used for pictures up to 4 ft. size, 25 ft. throw. 




I k,. !>. Salesmen Mid lec turers find small film slide projectors convenient to carry. 
At the Upper left is an automatic type in which the pictures may he changed by 
remote control, the operator pressing a button connecter! by a flexible cord with 
the projector Also the machine is designed to show the entire series of pictures 

automatically, repeating at the end. 



Some of the film slide projectors use low voltage lamps (12-10 
volt. 21 cp. automobile headlamps), operated through resistance 
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cord. Others tue the 100 
watt, 115 volt. T-8H *>ulb 
lamps dfnci from the light- 
ing circuit . The #1*** >li«ie 
stercoj »t icons generally U"** 
th** .500 watt, I U volt, short 
T-^0 bulb lamp. 

In motion pirture theatre 
work there is sometime* an 
auxiliary stereoptieon lens 
for the projection of »lules 
ami sometime* a separate 

steret.pt iron i<» iiseil. Fig 

10.) 
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Fi<;. \2. r IVpical motion picture 
projector showing posit ions 
of lamphouse and regulator. 



Motion Picture Projectors 

Motion picture projectors 
may be divided into three 
general types: (1) the large 
machines for theatre use (Fig. 
12); (2) the suit-case semi-por- 
table types for use in schools, 
churches, lodge halls, etc. (Fig. 
13 A, B, and C); (3) the small 
home projectors (Fig. 14). 

A machine of the first class 
generally uses 35 mm. inflam- 
mable film, and in most states 
t he fire laws require its use in a 
fireproof booth and a licensed 
projectionist to operate it. 





Fig 



Tin- so in i-portahle projec tor is wi<Jel\ 
ii mm I in schools, auditoriums, etc. 
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Other representative types of semi- 
portable projectors. In Fig. 13B a 
design is shown in which a film 
magazine is provided in the hollow 
base. The machine shown in Fig. 
13C is designed with respect to 
portability, and the case may be 
locked to prevent tampering. 





Fig. 18 b 



u.<S 





Fig. 13c 
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The suit-case type projector generally uses 35 mm. non-inflam- 
mable or slow burning film, but it has the disadvantage that the 
highly inflammable film also may be employed. 




Fig. 14. The use of small projectors in the home is rapidly increasing in 
popular favor. When these are used in conjunction with the amateur 
motion picture camera, interesting incidents of trips are readily por- 
trayed to groups of appreciative friends. Several of the designs 
available are illustrated above. 



The home projector uses 16 mm. film which is made only in 
non-inflammable stock so that the fire risk is practically nil. 

The use of small motion picture projectors in the home is grow- 
ing very rapidly. There are available excellent motion picture 
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cameras not much larger than the ordinary Kodak (Fig. 15). 
These make it possible for the amateur to take his own pictures as 
readily as he previously took snap shots with the Kodak. As an 





Fig. 15. Small, easily portable motion picture cameras are valuable for 
home use, because they facilitate the permanent recording of some bit 
of action, interesting in itself or worthy of preservation through its 
associations. 



indication of the extent to which the amateur motion picture 
camera is coming into use, it is interesting to note that during 1926 
there were 35,000 amateur motion picture cameras sold in this 
country, and 60,000 miles of film were purchased. 

17 
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By a clever reversal process, the same strip of film that is used 
as the negative in the 16 mm. film camera is used for the positive 
in the projector, thus greatly reducing the cost. The purchase price 
of the film covers developing service by the manufacturer and 
return postage. 






Fig. 16. Projectors, using either still or motion pictures, are finding wide application 
in the advertising field. In these, the pictures are automatically repeated when the 

end of the series or of the film is reached. 



In addition to taking one's own pictures, there is available a 
very fine film library, the Kodascope Library, with offices in the 
principal cities, from which films can be rented for a nominal sum. 
A wide variety of subjects is available in this librarv. Thev can be 
ordered from the catalogue, are sent by mail, and after use, re- 
turned in the return-addressed box that comes with them for the 
purpose. Some of the projector manufacturers also have excellent 
educational film libraries to service their machines. 
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There is a third size of film, still smaller, that is used in the 
I'athex projector. The old 28 mm. safety standard film has gone 
almost entirely out of existence, being replaced by the 16 mm. size. 

Another class of projector is used to considerable extent, that 
is, the advertising projector for use in store windows, etc. These 
devices show either a series of still pictures, automatically changing 
from one to another, or else a motion picture, automatically re- 
peated over and over again (Fig. 16 and frontispiece). 

Perhaps it would be well, at this point, to consider in more detail 
the optical train of motion picture projectors and point out wherein 
and why, when a Mazda lamp is used as a light source, the lens 
system varies somewhat from that used with an arc. 

Optical Train 

Let us base our data on the 900 watt, 30 volt Mazda lamp which 
is the standard light source for theatre projection. 

The arc emits light by reason of the glowing crater on the end 
of the positive carbon. Once sufficient current is reached in the 
carbon to fill the crater, there is very little increase in brilliancy due 
to increased current. 

A Mazda lamp, on the other hand, emits light by reason of the 
glowing tungsten filament. The hotter this filament, the more 
brilliant the emitted light. There is, however, a limit to which the 
filament can be heated without melting, and thus destroying the 
lamp. Tungsten melts at about 3655° K. Even before it reaches 
the actual melting point the filament starts to disintegrate; in 
other words, minute particles fly off from the surface. The rate 
of this disintegration determines the life of the lamp, that is, the 
higher the temperature, the shorter the life. Also, the higher the 
temperature, the higher the brilliancy of the emitted light, and the 
greater the candlepower of the lamp. This means that the Mazda 
motion picture lamp should be operated at a sort of compromise 
between these two factors; that is, at a point where it will be very 
brilliant and vet have a reasonable life. 

* 

Taking into consideration the cost of current to run the lamp, 
the cost of lamp renewals, and the illumination obtained on the 
screen, 100 hours has been determined as the most satisfactory life 
for this lamp. This is obtained in the 900 watt motion picture lamp 
at about 3290° K filament temperature (maximum). At this tem- 
perature the lamp has an efficiency of ftt.3 lumens per watt, and a 
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filament brilliancy of 2660 candlepower per square centimeter. As 
a matter of interest, the brilliancies of other light sources run about 

as follows: 



Candle Vi cp 

Kerosene flame 

Acetylene 15 

50 watt Mazda B lamp 205 

1000 watt Mazda C lamp 1195 

900 watt motion picture lamp. . . .2660 

Crater of carbon arc 18,000 

High intensity arc 50,000 

Sun arc 165,000 



The Mazda motion picture lamp is operatii 



per sq. cm 

4 4 C£ 6 6 
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g only 365° below 



the melting point. It is, therefore, absolutely essential to maintain 
the current very accurately at its normal value of 30 amperes. If 
the current in the lamp is allowed to exceed that value the life of 
the lamp will be shortened in about the following ratio: 



80 

30.25 
30.50 
30.75 
31 



amperes 100% 

80% 

66% 

55% 

45% 



On the other hand, if the current is allowed to fall below 30 
amperes, the candlepower of the lamp decreases about as follows: 



29.75 amperes 95% 

" -90% 

29.25 



cp 



29.50 



29.00 



W b 



86% 
81% 



b t 



4 b 



b b 



So let us again emphasize the necessity of maintaining the lamp 
current very accurately at 30 amperes. 

Xow let us see wherein, and why, the optical system for use with 
the Mazda lamp varies from that of the arc. At first glance, it 
seemed considerable to expect to replace an arc operating at a bril- 
liancy of 18,000 candlepower per sq. cm. with a Mazda lamp operat- 
ing at but 2060 candlepower per sq. cm. It has, however, been 
successfully accomplished in this manner: 

The crater of the arc emits light only for- 



s» ward; the distribution being about as shown 



Fig. 17 a 



in Fig. 17A. 
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With such a distribution, the 10 in. or \-i in. 
focus piano condensers and a \ x /o in. diameter 
projection lens collect and utilize practically all 
of the light. On the other hand, the Mazda lamp 
//K-J emits light very nearly equally in all directions 

/ * (Fig. 17B). 

Fio. I7h Obviously, if t M \zn\ lamp i> simply sub- 

stituted for the are, only a small portion of the 

total light emitted will In* utilized (Fig. ISA . 

Therefore, in order to intercept more light, a mueh shorter 
focus condenser must be used. At fir>t, a single piere eorru;:ated 
condenser (Fig. ISH) was used, and later a triple lens asphern . on- 
denser (Hauseh & bomb Cinephor, Fig. I 8C Such eondensers 






(*>■) 





A 



It 



Fu; is 



riw u.l.lition of .t - m 1 1 . 1 1 . 1«* I.im 1 1 i.i k«- s |>..-., iU«- Ihr utilization of .. miiah 
Kr«-jit«-r portion ..I ilie« li^lii from 11 |»roj»-< t ion Limp 



pick up a s(»|id angle of li^ht of about I 10°, ftj against to f,, r tin 
oh I piano eonde users. In order to utilize Hi. holit u hi< h is given olT 
to the rear of the lamp, a spherieal mirror is pla< ed liehind the bulb, 
and so adjusted as to reflec t an image of the til.nn.nl eoils baek 
lietwecn the eoils t heuisel \ es. Thus instead of the tiu° pieked up 
in the are system, we are utilizing the equivalent ..(' ! m° of solid 
angle. It is very Important tliat the spherieal mirror lie a<<urafe|\ 
adjusted, in order to see lire the be>t results. I iu l!> shows the len* 
settings for one of the eondenser systems. 

The use of short foe us eondensers projeets the h u ht through 
the a|>erture plate at a mueh wider an^le than maiut.uned with 
the long foeus eondensers. This beim; the ..(>«•, tin \.. I . or I 1 i in., 
projection lens will not piek up and proje. t to the s« reen ill >>i this 
light (Fig. ^(K In order to eliminate that ln^>, * larger diameter 
objective is essential. A No. i lens, •> i _, m. diameter, will take 
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Fig. 19. Optical train using Bausch &Lomb Cinephor condenser. 



care of this situation. Xo. £ lenses are not recommended for 
shorter focal lengths than 5 in., as below that point their definition 
is not good. With Mazda lamp projection, the increase in screen 
illumination obtainable by the use of Xo. 2 projection lenses instead 
of Xo. 1, is about as follows: 

5}/2 in. Focus Lens 
6 in. " " 

in- " " 



IY2 in. 





Fig. 20. If the objective lens does not pick up the maximum angle 

of light, the illumination on the screen is lessened. 
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There is one question that has been asked more or less fre- 
quently; that is, can the Mazda lamp be used to advantage in the 
latest reflector arc types of projectors? The answer is, no. The 
reflectors of the reflector arc lamps intercept and utilize the ma- 
jority of the light from the arc; but, due to the nearly spherical 
distribution of light from the Mazda lamp, they would utilize a 
relatively small percentage of the total flux— much less than the 
aspheric condenser, spherical mirror system (Fig. 21). 




Fig. 21. The standard arc lamp reflector, when used with an incandescent lamp, 

redirects but a small part of the available light through the condenser. 



Good results with Mazda lamp projection necessitate not only 
the proper equipment, but also very accurate adjustment of the 
various elements of the optical system. A typical projection system 
is a tremendously inefficient thing. Only about 2 per cent of the total 
light generated reaches the screen without the film in the projector, 
and with the film this is cut still further. The losses of light through 
the optical train are about as shown in Fig. t 2 t 2. 




Fig. -2i. On account of the losses in the optical train, only about I per cent of 

the total light emitted from the lamp reaches the screen. 



use of the latest type aspheric condenser, spherical mirror, 
and No. 2 projection lens, the light reaching the screen will be 
about 4 per cent of the total flux generated. 
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It is surprising what a large decrease in screen illumination 
results from very slight inaccuracies in the setting of either the 
light source or the spherical mirror. 

To demonstrate this, all that is necessary is to run a section of 
film with the lamp set correctly, and then move it about a quarter of 
an inch out of adjustment. Die decrease in picture brilliancy 
Incomes very ev ident. In order to facilitate accurate setting of the 




J H\ previously adjusting a spare lamp iti the lamp 

set U*r, it is po-vil>lc to make a <pii< k change should a lamp 
fail \\liil« I lie film is Im-mil' projected. 

I. imp. ;uid to have a spare lamp accurately adjusted for a quick 
change in case u lamp fails when the film is running, there has l>een 
develojH'd what is known as a lamp setter (Fig. 23). Detailed 
instructions for its use are given in the manufacturer's bulletins, so, 
suffice it to say here, that it is possible to adjust the lamp in 
any direction and then hold it there in a socket that can Ik* slipped 
into the projector, with assurance that the light source will then 
come at exactly t he correct position in the optical system (Fig. 24). 
This is nc<-cssary U causc lamps are made of various pieces of glass 
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joined together in a molten state and they cannot, therefore, be made 
with the accuracy that a piece of steel can he machined. The fila- 
ment of one lamp may come a little higher above the base than that 
of the preceding one; the next may be slightly off sideways, etc. 
It is necessary to compensate for these differences with the lamp 
setter and the special socket. 





Fig. 24. After adjustment has been made in the lamp setter shown in 
Fig. 23, the socket and lamp are placed in the housing, the filament 
coming to exactly the correct position. 



The MAZDA Motion Picture Lamp 

There is another characteristic of Mazda lamps that it is 
well to note. That is, when the filament is hot, it is relatively 
soft. If the projector is working at a fairly steep angle, the 
lamp filament may sag or bow out (Fig. 25). In such cases, 
it is desirable to turn the lamp around each d;iy so as to 
reduce this bowing to a minimum. 

2.5 




Fig. 25 
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The 900 watt, 30 volt Mazda motion picture lamp will produce 
good pictures up to 18 ft. width at Ho ft. throw. It could, to 
advantage, be used in 90 per cent of the motion picture theatres 

todav. 




Kl<;. -Ml At the left, a *H-.'W volt. !M)0 watt, and at 

the ri^-li) a 1 10 volt. 1000 watt Mazda projec- 
tion lamp. The lower voltage lamp, on account 
of the shorter length of filament ami its lesser 
liability to s(pjirm when heated, has the desir- 
able factor of greater filament concentration. 

IVrhap.s the reader wonders why .'JO volt lamps are used, 
involving the necessity of transformers, etc., instead of 110 volt 
lamp*, and also why higher wattage lamps cannot )*' used to handle 
the largest theatres. As to the :{0 volt lamps, it is characteristic of 
tUfigstcii filament I hat the higher the voltage, the smaller in diam- 
eter the wire must \ H >. and the more it will squirm when it is heated 
and cooled. If 110 volt lamps were used we could not concentrate 
the filament into so small an area (Fig. 40), nor could we run it at 
quite m> hi-h temperature. The greater filament concentration 
possible, with the low voltage high current lamp is, therefore, the 
prime reason for its use. 

The useful h/c of light source is limited hy the optics of the 
projector. The lens system will pick up light from a limited area 
ami any light outside of t his area is of no avail. It is a simple matter 
to determine the size of the useful source l>y hack testing the lens 
system, that is. sending light backwards from the projection lens 
through the system. 





THE MAZDA LAMP IN P R O J E ( T I O X SERVICE 

This is done by placing a frosted lamp, or a clear lamp and a 
diffusing medium such as opal or frosted glass, close to the projec- 
tion lens. The light is then sent backwards through the optical 
system of the projector. A small spot of light will be formed on a 
piece of paper held at the focal point of the rear condenser lens. 
The size of this spot indicates the maximum light source size the 
projector can utilize. Obviously, the more filament we can crowd 
into this useful source area, the higher will be the screen illumina- 
tion. That answers the question as to why higher wattage lamps 
are not used for motion picture projection. The higher wattage 
involves more filament; it simply cannot he crowded into the useful 
source area. The 30 volt, 30 ampere filament works out as the one 
which enables us to put the maximum amount of tungsten in this 
area, without involving other difficulties, such as very high current 
seals, the use of ribbon filament, etc. 

It is interesting to note that the light from the Mazda lamp is 
steady and of a pleasing color value in that range of the spectrum 
to which the eve is most sensitive. Tests have shown that lower 
illumination from Mazda lamps will give just as satiifaetory pic- 
tures as considerably higher intensities from arc lamps. 

The Mazda lamp, therefore, oilers the following advantages: 

For The Theatre M anacku 

Lower cost and better projection (a saving of about *:>(N) per 
year over equivalent arc). 

For The Projectionist 

A noiseless light source, emitting no fumes, giving off a minimum 
of heat, and easy to operate, resulting in more healthful and com- 
fortable operating conditions. 

For The Theatre Patrons 

A steady picture of a color value to winch the eye i> most 

accustomed, and, therefore, pictures that arc neither tiring nor trying 

for the audience. 
For The Dealer 

Good profits more than offsetting any resultant loss in arc lamp 
business. 
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Projection Lamps 

Naturally the Mazda lamps that are used in projection work are 
made in various sizes to go with certain classes of projectors. The 
following table shows this classification: 



Class of Service 


Type of Projector 


If idth 

Picture 


Throw 


Mazda Lamp 


Motion Picture 
Theatre 


Standard Theatre 


16 ft. 
14 ft. 


120 ft. 
100 ft. 


30 V. 900 W. T-20 
30 V. 600 W. T-20 


Schools, 
Churches, 
Auditoriums 


Semi-portable or 
Suit-case Type 


10 ft. 
8 ft. 
8 ft. 


80 ft. 
70 ft. 
60 ft. 


30 V. 900 W. T-20 
30 V. 600 W. T-20 
115 V. 1000 W. T-20 


Stereopticon 


14ft. 
12 ft. 
8 ft. 


100 ft. 
75 ft. 
40 tt. 


115 V. 1000 W. T-20 
115 V. 500 W. T-20 

1 la \ . 2o0 \\ . JT-20 


Portable Motion Pic- 

lUIr \ tjtj 1 1 1 1 1 1 . IllIIl j 


o It. 


oU it. 


1 15 V . dOu \\ , 1-20 


Portable Motion Pic- 

ture (16 mm. film) 
Opaque Projector 


4ft. 
4 ft. 


20 ft. 
20 ft. 


50 \ . 200 W. T-10 
115 V. 1000 W. T-20 


Home and Office | 
Use 


Portable Motion Pic- 
ture Projector (10 
mm. film ) 

Steropticon and Opaque 
Projector 

Postcard Projector 


4 ft. ! 
3 ft. 

6 ft. 
2 ft. 

12 ft. 
10 ft. 


20 ft. 
20 ft. 

20 ft. 
10 ft. 


50 V. 200 W. T-10 
115 V. 100 W. T-8H 

1 15 V. 500 \V. T-20 
115 V. 60 W. A-21 


Advertising 
Projector 


Stereopticon 


75 ft. 
60 ft. 


115 V. 1000 YV. T-20 
115 V. 500 W. T-20 


Film Projector 


8 ft. 
6 ft. 


60 ft. 
50 ft. 


115 V. 1000 YV. T-20 
115 V. 500 YV. T-20 



( oiled Coil Filament Lamps 

The smaller types of projectors, in order to gain compactness, 
often use the smaller size film, small condensers, etc. The practice 
of using small parts generally results in an optical system which 
will utilize only a small size filament. As the 110 volt filaments were 
not sufficiently concentrated, lamps with lower voltage filaments 
were designed and used, the line voltage being cut down by rheo- 

■ 
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stats or transformers. Recent developments in the art have evolved 
a method of concentrating the 110 volt filaments more than was 
previously possible. The coiled filament has been recoiled, and the 
mounted filament is consequently more concentrated than before. 
This has been made possible by special treatments of the wire to 
prevent it from sagging. 




115V. SOW. H5V 100W. H5V. 100W. 115V. 200W. 

T-8 Bulb T-8/2Bulb T-QVz Bulb "P10 Bulb 

CC-13FN. C-13 Fil. CC-13 Fil. C013 Fil. 

d.C. Bay. Base Prefocus Base Prefocus Base Prefocus Base 



Fig. 27. The decided gain in filament concentration made possible by use of the 
coiled coil filament is at once evident upon comparing the relative sizes of the 
coiled filament, second from the left, and the coiled coil filament of the other two 
projection lamps, at the right. On the 100 and 200 watt lamps, the prefocused 
base is shown, which is used with the sockets illustrated in Fig. 38. 

It is proposed to have a line of coiled coil projection lamps. 
The 50 watt, 100 watt, and 200 watt, 115 volt lamps are now avail- 
able. Equipment should, whenever possible, be designed to accommo- 
date the 200 watt lamp in order that sufficient illumination on the 
screen may be assured. As the voltage reducing device is eliminated, 
smaller and lighter weight machines are possible. 

Some of these lamps are shown in Fig. 27, in comparison with 
the single coil projection lamps. It is believed that this is a very 
important step forward in the manufacture of projection lamps. 

29 
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Projection Microscopes 

There is another form of projector that plays a 
very big role in the scientific and educational field, 
namely, the projection microscope. When extremely 
high magnification is used and the image is to be 
photographed, it is essential to have a steady light. 
For this class cf service, it has been found that 
best results are obtained with lamps having the 
filament so designed that a uniform field is produced. 

Some of the lower power microscopes used the 
English Pointolite lamp quite successfully, but 
that has now been replaced almost entirely in this 
country by the (i volt, 18 ampere, T-10 bulb Mazda 
lamp for microscopic service (Fig. 28). This is gen- 
erally operated from a transformer. When this is 

done, care should be 
used to have leads of 
ample size (No. 10) 
from the transformer 
to the lamp, so as to 




Fig. 28. Lamp 
for micro- 
scopic ser- 
vice. 



avoid any drop in voltage and make 
certain the operation of the lamp 
at its maximum brilliancv. 

In addition to projection micro- 
scopes, there are ordinary micro- 
scopes, for which lamp houses are 
provided, so as to illuminate the 
object under observation. Fig, 29 
shows typical outfits of this char- 
acter and Fig. 30 shows one of these 
lamps in use. 



Fig. 29. The microscopist 
in his work often finds 
need for concentrate I 
illumination upon the 
object under observa- 
tion. Lamp houses of 
the types show n above 
and at the right are 
used for this service, 
their location with 
respect to the micro- 
scope being shown in 
Fig. 30. 
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Postc a rd Projecto rs 

Passing from the utilitarian field to the toy field, we find Mazda 
lamps used for projection purposes in toy motion picture machines 
and postcard projectors. The former are low priced duplicates of 
the larger projectors and usually take 100 watt concentrated 
filament lamps. The postcard projector, however, does not require 
a concentrated filament lamp. It needs a flood of light evenly dis - 
tributed over the card; for this purpose two of the 60 watt, 115 
volt, A-21 bulb, inside frosted lamps give good results. Fig, 31 
shows the optical train of a postcard projector and a typical pro- 
jector. 
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Scree us 

The type of screen used with a motion picture projeetor lias a 
great liearing on the effectiveness of the picture. We see the picture 
hy means of the light reflected to our eyes from the surface on to 
which it is projected. If this, therefore, is to l»e viewed from wide 
angles, its reflection characteristics must Ik* such as to give a wide 
distribution. A plain white plaster wall has such characteristics. 
On the other hand, if the picture is viewed over a relatively narrow 
an^le. as in a long narrow theatre, a screen should be chosen that 
will confine must <»f the reflected light within this an^le, and thus 
materially increase the brilliancy of the picture (Fig. JW). 

A most complete study of the reflect ion characteristics of motion 

picture screens has Urn made by L. A. Jones, of the Hast man 
kodak < " . ami reported in the 7 rtuisuctious of the Society of Motion 

Picture Emjintt rs. Vol. H.Octol»cr. Distrilmtion curves are 

show ii from \arious surfaces and from the different commercial 

S( II < l|v 




FlG. It«*latc< f.fii.tm^ . Iiar*< \t t th{ n-s i,f Ud rxlmiu- \\\tr*itf MTceh*. 

A screen should Ih selected which has high reflect ion efficiency, 
s«. to make possible the use uf the minimum amount of energy 
t<.M< nrc ^' < m .« 1 picture. \N il li this essential satisfied. Mime consider- 
ation should also Im j.-i\en to selecting a screen which will harmonize 

with its surroundings. 
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As a quick and ready reference the tables below are taken from 
the article mentioned above. 

Mr. Jones states that the ratio of brightness between the center 
of the screen and the extreme angle at which it is observed should 
not exceed 4. He has divided the screens commercially available 
into three classes as follows: 

Class A includes those screens which are adapted for use in 
theatres where the maximum angle of observation does not exceed 
30°; ("lass B includes the screens adapted for use where the maxi- 
mum angle of observation does not exceed 40°; while the Class C 
screens should be used in all cases where the angle of observation 
is greater than 50°. The point should again be emphasized that 
these classifications are not rigid, but of an approximate character. 



Table 1 



A T o. 


Class 


Trade Name 


Texf it re 


Color 


10 


A 


Superlite 


Coarse Grain 


Metallic White 


11 


A 


Special 


Coarse Grain 


Metallic White 


12 


B 


Green Back 


Fine Grain 


Metallic White 


13 


B 


White Back 


Fine Grain 


Metallic White 


14 


C 


Plain White Coated 


Smooth 


Yel low- 


15 


A 


Imsco Silver No. 1 


Coarse Grain 


Metallic White 


16 


A 


Imsco Gold No. 1 


Coarse Grain 


Metallic Yellow 


17 


A 


Imsco No. 2 


Coarse Grain 


Metallic White 


18 


A 


Imsco No. 3 


Medium Grain 


Metallic White 


19 


B 


Imsco No. 4 


Fine Grain 


Metallic White 


20 


C 


Imsco White Muslin 


Smooth 


White 


21 


A 


Minusa A 


Medium Grain 


Metallic White 


22 


A 


Minusa B 


Coarse Grain 


Metallic White 


23 


A 


Minusa C 


Coarse Grain 


Metallic White 


24 


A 


MAZDA-Lite 


Fine Grain 


Metallic White 


25 


B 


Idealite — Grade 1A 


Fine ( rrain 


Metallic White 


26 


n 


Idealite — Grade IB 


Medium Grain 


Metallic White 


27 


B 


Idealite — Grade 2 


Fine Grain 


Metallic White 


28 


C 


Davlite Crystal White 


Smooth 


Blue Green 


29 


B 


Daylite Gold Fibre 


Fine Grain 


Metallic Yellow 


30 


A 


Dalite Silver 


Fine Grain 


Metallic White 


31 


A 


Argus Crystal Bead No. 1 


Medium Glass Beads 


Yellow 


32 


B 


Argus Crystal Bead No. 2 


Fine Glass Beads 


Yellow 


33 


B 


Mirroroid 


Fine Grain 


Metallic White 


34 


A 


Gold Ring 


Smooth 


Metallic Y r ellow r 


35 


C 


Half-tone 


Smooth 


White 


36 


A 


Aluminum Paper 


Smooth 


Metallic White 



Assuming, for each classification, cases in which t lie maximum 
angles of observation are 20°, 30°, 40°, and 50°, the values of the 
ratio of the reflecting power at normal observation to that at these 
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various angles were computed for all screens, and likewise values of 
mean reflecting power for the same limiting angles. These values 
are tabulated for the Class A screens in Table 2, for the Class B 
screens in Table $ f and for the (lass C screens in Table 4. 

Table 2 

CLASS A 



i Adapted for use where maximum angle of observation does not exceed S(f.) 



So. 


20° 


30° 


40° 


60° 




Refle et ing 
Power 


Ro° 


Reflecting 
Power 


R<° 
R411 


Reflecting 
Power 


Ro° 


Reflecting 


R*o° 


it ° 


Power 


34 


2.70 




5.94 


107 


10.3 


137 


16.8 


116 


91 


3.22 


1 59 


5.48 


127 


0.10 


108 


6.17 


96 


22 


2.38 


26$ ! 


4.90 


216 


9.92 


107 


16.3 


151 


15 


2.21 


218 


4.34 


178 


8.70 


147 


13.4 


134 


21 


2.06 


253 


4.30 


207 


8.47 


172 


13.2 


145 


10 


2.23 


2< »5 


4 14 


109 


7.82 


140 


12.8 


119 


24 1 


2.08 


25$ 


4.04 


209 


8.35 


174 


13.6 


147 


28 






4.00 


201 


8 10 


107 


13.7 


141 


11 


1 SO 


242 ; 


3.20 


204 


5.75 


172 


11.3 


147 


10 


I 09 


22S 


3.2(1 


184 


0.03 


152 


9.75 


130 


36 


2.00 


112 


2.96 


90.4 


4.34 


83.3 


5.59 


78.2 


30 


1.70 


151 


2.82 


128 


4.35 


110 


6.36 


87 


17 


1.03 


192 


2.77 


165 


4.85 


in 


7.77 


121 


1H 


i <;i 


172 


2.58 


150 


4.25 


128 


6.08 


112 



Table 3 



(LASS B 



12 
19 
13 
33 
20 
2!» 

25 
3* 
27 



R/ 



1 :>:, 
1 :>:, 

1 13 

I 39 
1 .59 

I 78 
1 W 



20 



Reflect mj: 
< i\\ t t 



I' 



179 
101 

156 

123 
151 
111 
130 
112 
120 



30° 1 




lli flrcl ihg 




J'ower 


2.45 


155 


2.3! 


1 11 


2 (Mi 


1 39 


1.93 


111 


2 07 


131 1 


1.89 


100 


2 05 


115 


*.30 


99 I 


1 K6 


108 



r 



3 91 
3 88 

3.34 
2.87 

3 80 

2.08 

€.75 

2.50 
2 23 



40° 



Reflecting 
Power 



1 35 
129 
121 

99 
1 15 

90 
104 

89 
98 



It,, 

R tu ° 



0.30 

5 95 

5.37 

3.97 

3.70 

3.68 

2.91 

2.76 

2 56 



50° 



Reflecting 

bwer 



i' 



I 17 
109 
106 
88 
104 
79 
94 
82 
91 
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Table 4 

CLASS C 



(Adapted for use where angle of observation is greater than 50°.) 





20° 


30° 




40° 


50° 


No. 


Ro° 


Reflecting 


Ro° 


Reflecting 


Ro° 


Reflecting 


Ro° 


Reflecting 




R20 


Power 


i) 


Power 


R40 


Power 


R50 


Power 


35 


1.10 


75.3 


1.14 


73.5 


1.20 


71.7 


1.23 


70.4 


14 


1.05 


71.0 


1.06 


71.0 


1.07 


70.0 


1.07 


67.0 


20 


1.06 


64.0 


1.09 


64.0 


1.10 


52.0 


1.10 


54.0 


28 


1.02 


71.0 


1.03 


70.0 


1.04 


70.0 


1.07 


69.0 



Method of Using Tables 

It is possible from the figures in Tables 2 to 4 inclusive to c hoose 
the best screen for any one of the cases considered. For instance, 
assuming that the maximum angle of observation is 20°, it will be 
noted that all values in the ratio column are less than 4 (Table 2). 
Therefore, from the standpoint of distribution, any one of the 
screens in Class A will be satisfactory for use where the angle of 
observation does not exceed 20°. In order now to obtain the maxi- 
mum average brightness within this angle for a minimum current 
consumption, it is only necessary to choose that screen, or screens, 
which show the highest value in the column headed "Reflecting 
Power." Now, assuming a maximum angle of 30°, we find that the 
first 7 screens are excluded, since the ratio of normal to extreme 
reflecting power is greater than 4. Beginning with No. 11, we may 
then choose the screens showing the highest average reflecting 
power for the range 0° to 30°. When the maximum angle of 40° is 
considered, we find no screen in Class A which does not exceed the 
limiting value of 4 for reflecting power ratio. We therefore turn to 
Table 3, and there find that all values of the reflecting power ratio 
are less than 4. We may therefore select from Class B that screen 
which has the highest reflecting power for the 0-40° range. In case 
of the 50° limiting angle, three of the Class B screens are automati- 
cally excluded, and it is only necessary to select from the remainder 
the one having the highest average reflecting power for the range 
0° to 50°. 



35 



THE MAZDA LAMP IN PROJECTION SERVICE 



For certain classes of work, particularly lecture room work, 
where the speaker also has to operate the projector, translucent 
screens are very useful (Fig. 33). With such a screen the pictures 
are projected from behind the screen and show through it. This has 
the advantage of enabling the lecturer to stand in front of his audi- 




Fi<;. 33. The translucent port- 
able screen, on which the 
picture is projected from the 
rear, is a convenient accessory 
for lecture work.. 

ence and at the same time operate the projector. This type of screen 
is also used to considerable extent with automatic advertising pro- 
jectors. 

Focal Length of Objective Lens 

With either stereopticon or motion picture projectors, the size 
of pictures shown is controlled by the focal length of the objective 
or projection lens used. 

The various lens and projector manufacturers have available 
tables which show at once the focal length lens to use when the 
throw (distance from the projector to the screen) and size of picture 
desired are known (Fig. 34-). 
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Hints on Operation 

There has been prevalent for some time a practice in motion 
picture laboratories, inspect ion rooms, etc.. which should be changed. 



PROJECTION LENS 



4* LENS TO SCREEN 



8' L F 



IMAGE ON 

15' ~ 



PROJECTION LEN 



LIDE £: 



40 LENS TO SCREEN 



12' E. F. 



INLA.GE ON SCREEN 
10' HIGH. 



PROJECTION LEN 



SLIDE 




V> LENS TO SCREEN 



!£' L F 



IMAGE ON SCREEN 
6'i HIGH. 



• For Lantern Slides, 2^ x ;-inch Mat Opening 



Focus 
of Lens 
in. 



Distance from Lam 



err. :; >zr~r. 



t 
8 
10 

12 
15 
18 
20 

22 
24 



15 ft. 2« ft. 


25 ft. 


JO ft. 


35 ft. 




10 

I* 


12 4 

Hi 
5 


Ill* 
9 

7i 2 
6 

5 J 


13 

10^ 

SH 

5 



































<>0 ft. 100 ft 



15 










12 


13J4 








10 


UK 




15 




8 


9 , 


10 


12 


J* J 


6H 






10 


11*4 








8tf 


10^4 








8 










8W 



16K 
13 J 

1 1 JvT 



15 

12 ! 
ii , 



16H 

i- ;: 4 



PIE — A :z-.~zr. _5r: 
on ;is 




Fig. 34. Table for determining size of picture on screen with lenses 

of various focal lengths at ditferent throws. 



It is not uncommon to inspect films under a screen intensity running 
all the way from 20 to 40 foot -candles. Print - are made of the proper 
density to appear to best advantage under this high intensity, and 
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then they are distributed to theatres where the intensity, on the 
average, is from 6 to 8 foot -candles. True, the intensities in a few 
theatres, such as the Capitol and Strand in New York City, run 
as high as 2.5 foot -candles at the screen; hut that is far above the 
average. If a film is printed of proper density for viewing under an 
intensity of from 20 to 40 foot-candles, and then is exhibited at 6 
to 8 foot-candles, the results will be far below the best possible. 
Screen intensities in inspection rooms, previewing rooms, etc., 
should be made comparable with the intensities where the pictures 
will finallv be used. 



Fig. :i->. Kffcct of size of source upon spread of projected beam. 

With most forms of optical projection it is essential first to use 
a highly concentrated source of light of high brilliancy. In general, 
we can say that the larger the source the greater will be the spread 
of the projected beam. This can be seen from Fig. S5. 




Yu.. 'Mi. When the li^lit source is cither ahead or behind the focal 

point of the optical device, the beam will Im- spread. 

Secondly, it IS essentia] that the light source l>e located accu- 
rately at tin- focal point of the optical device, lens, or reflector. If 
the source is cither ahead or behind the focal point, the projected 

l»eam will Ik* spread (Fig. IW). 

If it moves too far from the focus along the axis, a dark area will 
appear in the center of the l>eam. This may mean a great loss of 
light. Take the optical system of the motion picture projector, for 
example. Here it is necessary to pass as much light as possible 
through the aj>erture plate— a rectangular Opening whose height 
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is % its width. As the condenser projects a round spot of light into 
the aperture plate, it is obvious that the maximum light passes 
through the aperture when the diameter of the spot exactly equals 
the diagonal of the aperture (Fig. 37A). 

The light falling outside the aperture is lost. 




A 





B 



C 



Fig. 37. In the motion picture projector, a round spot of light is projected 
from the condenser lens upon the aperture plate, which has an opening 
with a height equal to % of the width. It is clear that the maximum 
amount of light will be allowed to pass when the diameter of the spot 
equals the diagonal of the aperture, as shown in A. When the light source 
£ ahead or behind the focal point, and the beam is spread, as shown in 
Fig. 36, light falling outside the limits of the aperture is wasted (B). 
Also, when the light source is at the left of the focal point, the beam is 
projected to the right of the aperture (C); and the converse is also true. 
In both of these positions, light is wasted. 



Obviously if the light source moves away from the focal point, 
and the beam is spread, the area covered by this wasted light is 
increased rapidly (Fig. 37lii. 

If the light source is moved to the right of the focal point, the 
beam is deflected to the left. If the source goes to the left, the beam 
goes right. If it goes up, the beam goes down, and vice versa. Any 
one of these cases also results in a loss of light (Fig. 37C). 

It is, therefore, essential that, in any optical device, the light 
source be located with great care. Detailed instructions regarding the 
methods of doing this are given in the manufacturer's instruction 
sheets accompanying various projectors; therefore, they will not 
be repeated here. In general, however, we advise with any pro- 
jector (except those equipped with fixed focus lamps and sockets), 
moving the light source around and observing the resultant screen 
illumination. Some spot will be found which is quite evidently the 
best, that is, giving a compromise between uniformity and maxi- 
mum brilliancy of screen illumination. 

The large projector operated by a trained teacher or projection- 
ist is generally focused accurately. On the other hand, the small 
projector for home use is seldom accurately adjusted. To secure 
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maximum illumination under these conditions, there has been de- 
veloped a prefocused type of lamp base and socket. By means of 
this, each lamp is adjusted optically in the laboratory, so that when 
installed in the projector, the filament will come at exactly the 
correct position in the lens system. The prefocused base is illus- 
trated in Fig. 27, and the socket in Fig. 38. 
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CONDENSER 

THE RELATION OF SOCKET TO CONDENSER 
LENS AS SHOWN ABOVE IS OF IMPORTANCE 

Ik. is Will, lamps equip|>ed \% it h the prefocused ha.*-, shown in Fig. 27, 
it is possible to make adjustments at the time of manufacture so that,' 
win ii the lamp is placed in tlx- prefocused socket (two forms of which 
are shown above . the filament will be at the right location in the 
optical system. Insertion of the lamp in the socket is restricted to the 
correct position by the dissimilar wings shown in the plan. 

In order to continue to obtain the l>est screen results, lamps 
that are becoming blackened should Ik* replaced by new ones. 
Always be sure to use the correct voltage lamps, and. in the case of 
low voltage lamps, adjust the rheostat to maintain the correct 
current through the lamp. 
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Proper Lamps for Commercial Projectors 

Listed below are a few of the types of stereopt irons and small 
projectors, with the proper lamp to use in earn device: 

Automatic Advertiser, Ivc Project or 

,'00 VV. 1 1.5 V. T-10 bulb, C-13 filament, prefoeused base. 

Optk al Co Baloptkons 

Model KHMf>- 400 VV. Iltf V. G-80 bulb, C-5 filament, medium screw base 
Model BB— 400 VV. 115 V. G-30 bulb, C-5 filament, medium screw ba.se 
Model B — 400 VV. 115 V. G-30 bulb. C-5 filament, medium screw base 
Model BC — 000 W. 115 V. T-80 bulb, (MS filament, mogul screw base 

Model IIRM— 400 W. 115 V. (i-30 bulb, C-5 filament, medium screw base. 
Model JCKM— 400 VV. 115 V. (i-30 bulb, C-5 filament, medium screw base 

Model CRM — 1000 VV. 115 V. T-80 bulb, C-13 filament, mogul screw base 
Model A — 400 VV. I 15 V. (i-30 bulb, C-5 filament, medium screw base 
Model CL — 1000 VV. 115 V. T-40 bulb. C-13 filament, mogul st rew ba.se. 

Bkll 4 Howell Co.. i I ■ ■ ■ Projector 

200 VV. 50 V. T-10 bulb, C-13 filament, medium screw bise with focusing ring 

Chah. Beheieh Co Stereopticons 

Model B 1000 VV. 115 V TWO bulb, C-13 filament, mogul tm base. 
Science Teacher Model K — 000 VV. I 15 V TWO bulb. < -13 filament, mogul screw bast 
Uneek Lantern— 400 VV. 115 V. (i-30 bulb. C-5 filament, medium screw base 
Stereomotorgraplt Model VV 400 IV. 115 V (i-30 bulb, C-l filament, I I screw base 

lintyro Projector. Distributed by Anhco Photo Puooi us, |\< 
Ma/OA No. II W lamp. 18-lfl V. 8] CP. S-|| bulb, double con tad base 

A. S. Camhuell Co ( e || n p ro j». ( i,, r 

<00 VV. 50 V. T-10 bulb, C-13 filament, medium screw base 

Capital Mac hine Co PtojectOl 

500 VV. 115 V. TWO bulb. C-13 filament, medium screw !. .>.- 

DeVhy CoHi*oR.\Tio\ Projector 

500 VV. 100 V. T-tO bulb. C-13 filament, medium screw base 

Dl'PLEX Motion Picti re l\l)i STUIKs, I\< .ftogei tor 

<00 VV. 115 V. T-lo bulb. C-13 filament, medium seien l»ase. 

Kamtman Kodak Co. Projectors 

Model A Kodascope — 800 VV 50 V T-lo bulb. (13 filament, medium screw base 
Mode! C. Koda^ ope loo VV. 115 V T-S 1 bulb. ( ( - I;; tihn.cn!. prefo •Used base. 

K. Lam. I\< Projector 

MO VV. 115 V. T-10 bulb. C-13 filament, medium screw base 

Pat hex Inc. 

id V. 1 Ampere. T-5 bulb. CW filament, special base I imp 

Spencer Lens Co . />,•//,;,•„"•„,„•.* 

Models E, F. and II 500 VV 115 V TWO bulb. ( -13 filament. mo-.il ,. nw base. 

Model I— <00 VV. 115 V T-10 bulb. C-13 filament. prefoeused base 

ModelJ — 1000 VV. 115 V. TWO bulb, C-13 filament, mo^il screw base 

Model L (Automatic)— ^00 VV, 115 V. T-10 bulb. C-13 filament. pret'o, used b -i.se 

Model N — 500 VV. 115 V. TWO bulb. C-13 filament, mogul screw base 

Models P and R — 1000 VV. 115 V. C.-40 bulb, mogul screw base 
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Transltjx Daylight Picture Screen, Inc Projector 

500 W. 120 V. T-20 bulb, C-13 filament, mogul screw base. 
1000 W. 120 V. T-20 bulb, C-13 filament, mogul screw base. 

Wyko Projector Corp. 
250 W. 115 V. T-14 bulb, C-13 filament, medium screw base. 



In conclusion, the authors wish to acknowledge their indebted- 
ness to the following concerns for assistance in compiling this bulle- 
tin, and for the liberal use of data and cuts taken from their 

catalogues: 

Bausch & Lomb Optical Co Rochester, N. Y. 

hpencer Lens Co Buffalo, N. Y. 

Ghas. Beseler Co New Yo rk, N. Y. 

Eastman Kodak Co Rochester N. Y. 

Bell & Howell Co Chicago 111 

Wyko Projector Corp " .New York, N. Y.' 

Pathex Inc Jersey Citv% N j 

Herbert & Huesgen New York N.Y. 

and all others with whom we have been in touch in this connection. 
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EDISON LAMP WORKS 



OF 

GENERAL ELECTRIC COMPANY 

GENERAL SALES OFFICE, "HARRISON, N. J. 
SALES OFFICES (address nearest office) 




Akrox , Ohio, 159 South Main St. 

* Atlanta, Ga., 123 Spring St. 
Baltimore, Md., 39 West Lexington St. 
Birmingham, Ala., 602 North 18th St. 
Blueeield, W. Va., 104 Federal St. 

♦Boston, Mass., 84 State St. 

* Buffalo, N. Y., 39 East Genesee St. 
♦Butte, Mont., 40 East Broadway 

Canton, Ohio, 700 Tuscarawas St. 

Charleston, \V. Va., 201 Capitol St. 

Charlotte, N. C, 200 South Tryon St. 

Chattanooga, Tenn., 536 Market St. 
♦Chicag >, III., 230 South Clark St. 
♦Cincinnati, Ohio, 215 West Third St. 
♦Cleveland, Ohio, 925 Euclid Ave. 

Columbus, Ohio, 17 South High St. 
♦Dallas, Texas, 1801 North Lamar St. 

Davenport, Iowa, 111 E. Third St. 

Dayton, Ohio, 25 North Main St. 
♦Denver, Colo., 650 17th St. 

Des Moines. Iowa, 418 West 6th Ave. 
♦Detroit, Mich., 700 Antoinette St. 
Duluth, Minn., 14 West Superior St. 
Elmira, N. Y., 342 East Water St. 
♦El Paso, Texas, 109 North Oregon St. 
Erie. P A ., 10 East 12th St. 
Ft. Wayne, Ind., 1635 Broadway 
Grand Rapids, Mich., 291 Monroe Ave. 
Hartford, Conn., 18 Asylum St. 
♦Houston. Texas, 1016 Walker Ave. 
Indianapolis, Ind., 106 North Illinois St. 
Jackson. Mich., 308 Francis St. 
Jacksonville, Fla., 11 East Forsyth St., 
♦Kansas City, Mo., 1004 Baltimore Ave. 
Knoxville, Tenn., 602 South Gay St. 
Little Rock, Ark., 223 West Second St. 
♦Los Angeles, Cal. 5201 Santa Fe Ave. 



Louisville, Ky., 455 South Fourth St. 

Memphis, Tenn., ISO Madison Ave. 

Milwaukee, Wis., 425 East W r ater St. 
♦Minneapolis, Minn., 107 Fifth St. South 

Nashville, Tenn., 234 Third Ave., North 

Newark, N. J., 20 Washington Place 

New Haven, Conn., 129 Church St. 

♦New Orleans, La., 837 Gravier St. 

♦New York, N. Y., 120 Broadway 

Niagara Falls, N. Y., 201 Falls St. 

Oklahoma City, Okla., 15 No. Robinson St. 

Omaha, Neb., 409 South 17th St. 
♦Philadelphia, Pa., 1321 Walnut St. 

Phoenix, Ariz., 11 West Jefferson St. 
♦Pittsburgh, Pa., 535 Smithfield St. 
♦Portland, Ore., 329 Alder St. 

Providence, R. L f 73 Westminster St. 

Richmond, Va., 700 East Franklin St. 

Rochester, N. Y., 89 East Ave. 
♦St. Louis, Mo., 112 North Fourth St. 
♦Salt Lake City, Utah, 200 So. Main St. 
♦San Antonio, Texas, 601 Navarro St. 
♦San Francisco, Cal., 116 New Montgomery St 

Schenectady, N. Y., 1 River Road 
♦Seattle, Wash., 811 First Ave. 
Spokane, Wash., 423 Riverside Ave. 
Springfield, Mass., 1387 Main St. 
Syracuse, N. Y., 113 South Salina St. 
Tacoma, Wash, 950 Pacific Ave. 
Tampa, Fla., 112 Cass St. 
Terre Haute, Ind., 701 Wabash Ave. 
Toledo, Ohio, 520 Madison Ave. 
Tulsa, Okla., 409 South Boston St. 
Utica. N. Y., 239 Genesee St. 
Washington, D. C, 1405 G St., N. W. 
Waterbury, Conn., 195 Grand St. 



Worcester, Mass., 340 Main St. 
Youncstown, Ohio, 16 Central Square 
♦Stock of lamps at these points. 




Cleveland, Ohio 
East Boston, Mass. 
Harrison, N. J. 



LAMP FACTORIES 

Newark, N. J. 
Oakland, Cal. 
St. Louis, Mo. 



Warren, Ohio 
Youngstown. Ohio 



Auditorium, Showing Miniature Stage ami Specially Designed Lighting Units 
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